We consider dual-polarized optical multi-soliton pulse transmission. Modulating the nonlinear spectrum, it be comes highly correlated in noisy fiber links. We propose a simple precoding to significantly reduce the correlation, allowing disjoint detection of spectral amplitudes.
I. Introduction
F o r th e n o n lin e a r o p tic a l fib e r ch a n n e l, th e N o n lin e a r F o u rie r T ran sfo rm (N F T ) m a p s a p u ls e to a n o n lin e a r sp e c tru m in w h ic h th e p u ls e p ro p a g a tio n is d e sc rib e d b y a sim p le lin e a r tra n sfo rm a tio n [1] . D iffe re n t w ay s to m o d u la te th e n o n lin e a r sp e c tru m h av e b e e n stu d ie d a n d d e m o n s tra te d e x p e rim e n ta lly [2] . T h e ev o lu tio n e q u a tio n s o f th e n o n lin e a r sp e c tru m a re o n ly e x a c t in an id e a l fib er w h e re th e n o n lin e a r fre q u e n c ie s a re p re s e rv e d a n d th e ir sp e c tra l a m p litu d e s re m a in u n c o rre la te d .
T h o se p ro p e rtie s allo w to re v e rt th e tra n sfo rm a tio n o f each sp e c tra l a m p litu d e in th e re c e iv e r in d ep en d e n tly , k n o w n as Inverse Scattering Transform (1ST). It c a n a lso b e a p p lie d in tw o p o la riz a tio n s i f th e o p tic a l field p ro p a g a tio n fo llo w s th e M a n a k o v e q u atio n s [3] , [4] . 
II. Transformation of Nonlinear Spectrum
A s a m u lti-so lito n p ro p a g a te s a lo n g a n id e a l fiber, th e sp e c tra l co efficien ts b1 (Ak), b2 (Ak) a re tra n sfo rm e d b y (1).
In th e p re s e n c e o f n o ise , th e eig en v a lu e s, a n d acco rd in g ly , This precoding scheme also includes two special cases: setting ¡ p d,k = -2<pc,k leads to the phase-conjugated pair |6 1,fc, b2,k}, resembling the phase-conjugated twin-wave technique in time domain; <fc,k = 0 leads to a pilot-assisted scenario to estimate the back-rotation more precisely.
III. Precoding of the Spectral Coefficients

IV. Simulation Results
We verified the benefit of the precoding by transmis sion simulation of 2-solitons. The optical single-mode fiber 2 is modeled by Manakov equations with fi2 = -5 .7 5 p m , nonlinearity y = 1.6W 1 km and attenuation a = 0.046k m . Ideal distributed Raman amplification was assumed with noise power spectral density NASE = n spa h v s [HW m ] (n sp = 1.1, vs = 193.4THz and Planck constant h). We as sumed an inline filtering with 50GHz bandwidth. The soli tons have two eigenvalues: A1 = 0 .5 j, A2 = 1j. The phases of bj (Ak ) are modulated according to (3) , where ^c and (fd are randomly chosen from a QPSK constellation.
The dual-polarization soliton was generated using the Darboux transformation [9] . It was scaled to the physical unit and truncated with the pulse interval of 500ps, con taining more than 99.9% of the pulse energy. It results in the gross rate of 1 6 . We used the Split-step Fourier method (SSFM) for transmis sion simulation up to L = 4350km fiber length. The av erage launch power was set to -0.75dBm (PAPR « 12dB), resulting the received SNR = 27dB at the link end. We applied Forward-backward NFT [10] (extension to dual-polarization) to the signal at different locations along th^link z and estimated the actual spectrum |A k ( z ) ,b 1(Ak , z),b2 (pk ,z)}. Accordingly, we esti mated [<Ad,k, <Ac,k} from (5) and also individually estimated arg b1(Ak) and arg b2(Ak) by 1ST. The simulation setup is illustrated in Fig. 1 while Fig. 2 shows the estimated phases at L = 4350 km. We observe that both < p d,k were estimated with very small variations but < p c,k = arg b1(Ak) is scattered with larger variations. We observe that arg b2(Ak) is as scattered as < p c,k . Fig. 3 shows the phase variations in terms of standard deviation along the link. We observe ¡pd,k being much more ------exp(jAc, i ) -------exp(jAd,l) exp(jAc, 2) exp(j<pd,2 ) Figure 2 . Received QPSK con stellation at L = 4350km for estimated common and differential phases {(pd,h, i Pc,k} for both eigen values reliable than <p'c,k or arg b2(Ak) as the differential phase does not need the backrotation. 
V. Conclusion
We consider the transmission of dual polarization multi soliton pulses, phase modulated in the nonlinear spectrum.
In the presence of perturbation, e.g. ASE noise, the spectral coefficients of different eigenvalues become correlated and should be decoded together. We propose a differential pre coding scheme that maps the correlated phases of the spectral amplitudes to another pair of phases with much less mutual correlation. These uncorrelated phases can then be recovered more reliably. The benefit of this precoding is illustrated by transmission simulation of second order solitons with common and differential phases of spectral coefficients being chosen from a QPSK constellation. The resulting standard deviation of the phase estimation error indicates significant improvement of the detection performance.
